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Ttli invention ralatss to controlled polymerisations 
of stnylena ana more psrtlealsrly to a ccntuaouB polyseriss- 
tion of ethylene t0 poljawa having prsdetermneo- 

smlt-flow properties using ■ coordination esttlyst system. 
It elso ralfctas to certain novel and awful polymer composi- 
tions hiving a controlled malt fl*w, said compositions con- 
sisting largely or slaoat exclusively of long unbranehed 
polyethylene chains.. 

It baa teen widely known that ethylene can be con- 
10 verted to solid polymers under very high preaaurea in the 
presence of catalysts which are capable of yielding free 
radicals. The solid polymers of ethylene obtained from sue*: 
processes are not linear hydrocarbons as would ts ejected 
from *~x chemistry of vinyl polymerisation, but in their for- 
mation undergo side resetions which introduce chain branching 
into the polymer chain structure. Hore recently, a novel 
catalyst system using an activated titanium complex was 
discovered. Thin catalyst haa been called a coordination 
catalyst, aince It la believed that the reactive catalyst 
20 component coordinates with ethylenieally unsatusated 

molecules to cause polymerization- The active catalyst 
system la" obtained when titanium st a valence stste of 
four is reduced, This is generally done by adding 
reducing or alkylating agents such aa orgsnometsllle 
compounds or metsl hydrides to titanium tetrachloride or 
titanium trichloride snd similar tetra- or tri- vslent 
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titanium compound., The wild ethyls polys*™ obtained 

.lid novel catalyat system, exceed la density, it least to 
s«me extent, .olid polyethylene. m*e heretofore by frst radical 
r roces.es exempt thost made -1th liquid ethylene or at super 
pressures In excess of 3000 atmospheres. &e polymers of 
ethylene obtained by coordination eatalyn. are furthermore 
characterize*, in that they are etrtitf.t chain hydrocarbons 
„ith vinyl group. at one or both ends of et least acme of the 
molecule.. Infra red spectroocopy indicates very little methyl 
.institution with little or no transunaaturatlon or carbonyl 
. groups. Such a polymer la hereinafter referred to a* a linear 
polyner of ethylene. The polymer. In many instance, hare 
extremely high molecular weight, and often ha*e little or no 
melt flow. The polymer. mado by the process of thla invention 
have been found to b* homogeneous polymer*. 

^ e usefulness of linear polymers of ethylene la 
commercial applications, such as Injection molding and melt 
extrusion, 1. determined to a large extent by two parameter., 
the weight average polecular weight of the polymer and the 
0 molecular weight distribution of the polymer. The weight 
average molecular weight determine, tft* melt viscoilty or 
n elt flow, which decree, as the weight average molecular 
weight is increased as established by F. J. Flory, 
J. a. C. S. Vol. 62, 1057 (19<*0). As the melt flow la 
decreased through increase of molecular weight, fabrication 
at any given temperature becomes increasingly difficult and 
leads to phenomena such as melt fraetura. Increases in tem- 
perature will aid in fabrication, but temperature lncre«ee is 
Halted by the .tabillty of the polymer. A standard measur* 
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of the nelt flew of the polymer ia the wit index teat, de- 
scribed in detail in tne ASTK manual as ASTX-D-12J3 -52-T. 
This teat la widely uaed to dlatlnguiah melt-flew properties 
of ethylenic polymers and is therefore uaed aa suea la the 
proceaa of thle invention. Cocanercial aolid polyethylene* In 
general fall within a melt index range of 0*2 to 10.0. It la 
therefore of great importance that methods be found which 
control the degree of polymerization when using highly reactive 
coordination catalyst a ao aa to control the arTt flow of the 
10 raaultia^ polymer to within the desired range of melt index 
values. The second paraneter of polyser usefulness la the 
molecular weight distribution. Molecular weight distribution 
has a significant effect on the properties of a polymer, 
particularly the toughness of the polymer. The toughness 
o f a polymer of the flame melt flow will increase ss the 
nolecular weight distribution ia narrowed. Various measure- 
ments of molecular weight distribution have been der-loped 
auch as fractionation, the ratic of the weight average 
icolecular weight to the number average nolecular weight, BtA 
20 the measurement of melt elasticity. Thus an Improved polymer 
will be obtained, if meana are found which will narrow the 
nolecular weight distribution. 

It ia the object of thia invention to provide a 
polymerization process, which will polymerize ethylene to a 
aolid linear polymer having outstanding commercial utility. 
It lc further the object of the present invention to prepare 
novel polymers of ethylene. Another object la to provide a 
process for the polymerization of ethylene wherein the 
nolecular weight of the polymer can be accurately controlled* 
/inother cbject of the present invention is to control the melt 
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flow of the poller within a useful melt-flow range by the 
reaction temperature. Still ancther object la to provide » 
continuous process for the poly»erii»tion of athylane at 
high polymeri»*tion ratea. Another object la to provide 
- a polymerization process in which high ratea of polymerisation 
can be maintained . while controlling the degree of polymeriza- 
tlon within a practical level . Other objecte will become 
apparent hereinafter. 

The objects of the present invention ere accomplished 
10 by a process which fionprlaes polymerizing ethylene in a liquid 
hydrocarbon medium containing a catalyst formed by admixing a 
titanium eacpound of the elaaa consisting of titanium aal -a 
and alkouidea with a compound having at least one »etal-to- 
bydrocarbon bond, said polymerization b-ing performed at a 
temperature and pressure so choaen aa to maintain both the 
ethylene added and the polymer formed dissolved in the hydro- 
carbon medium, removing from the polymerization zona a solu- 
tion of exeea* ethylene and solid polyetViylene in said medium, 
said polyethylene having a predetermine! melt flow within a 
20 melt index range of O.0O5 to 10, the melt index of said 

polyethylene being controllable through the reaction tempera- 
ture within the range of 150 to 3O0'C, sod said polyethylene 
being a polymer of improved toughness. 

It has thus been discovered that it is possible to 
control the degree of polymerization of linear polyethylene 
aade with a coordination catalyst system by controlling the 
reaction temperature and other process conditions, which 
result in polymers of ethylene having Improved physical prop- 
erties. TheBe critics! process coodltlons -nalude the 
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use of temperature a suca that both monomer added to the 
reaction djctur* and tba polymer forced In the reaction uL>;t ^ 
remain diaeolved In the hydrocarbon nediau The latter is 
achieved by employing a temperAt-ure whiea la ebovt the cr^ataX- 
llm melting point of the polymer, i.e., above the temperature 
at which the polymer is niacible with the aolvent. The 
neccasary ethylene solubility i* achieved by the appropriate 
selection or solvent and pressure. Aa in nny other pol7*eri- 
zatlon processes, the quantity of ethylene present ahould be 
10 high enough so that the polymerization la not Halted $7 the 
quantity of ethylene, i.e., that the catalyst ia not starved 
for ethylene. It was discovered according to this invention 
that, if these condition* are maintained, aa accurate control 
over the decree of polymerization can be established through 
the reaction temperature. The temperature ran^e of 150 to 
300*C. will encompass most useful linear polyethylenes aade by 
coordination catdlysta. The preferred ccntrol over the degree 
ox* polymerization la exerciaed at temperatures of 120 to 27Q # C. 
Tenperatunss below 150*C. are generally zot employed since 
iC maintaining the polymer in solution in the presence of ethylene 
is difficult at such 1c* temperatures. It was firrt^ermore 
discovered that under the process conditions of the present 
invention linear polymers of ethylene are 

obtained which are improved in toughness over aimlar polymers 
Tnode under conditions not within the critical liJUta of the 
present invention. 

It has heratofore been Icnown ti*at ethylene could 
be polymerized to linear hi£h molecular weight polyethylene a 
as disclosed in the Larcher and Pease Canadian patent 502,597 
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issued May 18, 195* f and In U.S. patents 2,691,6*7 and 
2,692,647 Issued October 12 awl October 19* 195* to 
5, Field et al. a&J A. Zletz, respectively (cf . also Belgian 
patent 553,362 issued to K. Ziegler Hay 16, 1955, which 
discloses a "slurry process* for manufacturing polyethylene 
under conditions differing fro* the "solution process", herein- 
after described). Thus it has been possible to obtain linear 
polyethylene over a vide range of conditions ranging froo 
stoospherlc pressure to high super pressures and frou roc* 
10 temperatures to considerably higher tc^eratures e^loylng 

various catalysts. However * no prior art processes have been 
disclosed which permit accurate control over the degree of 
polymerization and give continuously polyners of constant 
melt f Ion at reproducible polymerization rates. Such a 
process is provided by the present invention* in which the 
control orer the degree of polymerization is achieved by the 
reaction temperature if both monomer and polymer are dissolved 
in the reaction medium during the polymerisation. 

Although we do not wish to be bound by the 
20 explanation Khich follows, it la believed that, when ethylene 
is polymerized in a coordination catalyst polymerization, the 
rate of the termination reaction controlling the molecular 
weight of the polymer la highly dependent on temperature. In 
atriJcing contrast to free radical polymerization, the polymer 
molecules are not terminated 07 relatively rapid transfer with 
monomer cr by transfer with telegenic organic compounds such 
aa cyclob*xane and the aliphatic hydrocarbons. Thus the 
'•egree of polymerization cannot be conveniently restricted by 
the addition of controlled anounta of telogens. By raising 
50 th temperature the ratio of the rate of the termination 
r action to the rate of the polymerization reaction is 
increased, thus re<Sueing th average chain length of the 
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poly^r and thereby making It poaaible to control the 
molecular weight through temperature. 

A0 etated hereinabove, the catalyata uaeiul in 
thla invention are coordination catalyata of titaniua. 
The titanium eatalyat la *o*t readily obtained by admixing 
a trlvalent or tetravclent tltanlua compound or the class 
conaiating of tltanlua salta and tltanlua epoxides with 
a compound having at least one me,tal-to~h7drocarben bend, 
aueh * a metal alkyla, auitable compoeada being lithium 

10 aluminum alkyla, aluminia alkyls, Srlgnard reagents, aUcyl 
aluminum halidea, tin slkylej etc. Tbe preferred catalysts 
are thoae when* one of the catalyst componente had at 
least one metal to halogen bond, *hlch improve a the activity 
of the catalyst. Such a bond may be a titanium-chloride 
bond or a halogen bond in the orga^oaetallic reducirg agent 
auch as in diethyl aluminum bromide. The catalyst nay be 
fort^d in a prior step or may ba formed in the preaecce of 
the ethylene to polarized. It la preferred, In the 
latter case, to introduce the catalyst components as a 

20 solution In the reaction solvent. Solid eatalyat c<*ponenta, 
even if finely divided, may affect the accuracy of tie 
control over the degree of polymerization aa additional 
rate factora auch ea the rates of aolutiona of the 
eatalyat coz^>onenta are intrc<Sueed. 
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The cc^trol of t*,e molecular weight by the reaction 
temperature uMer the neccsssry conditio of the polymeriza- 
tion process , Jhich ara maintaining both polymer and monomer 
In solution, Is iMependent of the nature of tbe catalyst 
components employed. It la further possible to vary the 

ratios of the catalyst corpcnenta, If such Is desired* In 

i 

general, the molecular weight or melt flow of the polymer 
produced in the process as measured by melt index la deter- 
mined by the reaction temperature. However, the Belt index, 

10 ara therefore the molecular weight cf the polymer, Tarlee 

with each catalyst component and with each component ratio at 
any given temperature. At any given temperature, the effect 
of the ratio of the catalyst components say be small as In 
the case of tbe titanium tetrachloride/lithi\as aluminum ali^l 
system or large aa In the titanium tetrachlor^e/alwlnum 
alky 1 system as illustrated in the examples ♦ A ehsnge In the 
component ratio may cause the melt index of a polymer to 
increase In one catalyst system, whereas in another catalyst 
system a similar change will cause tbe melt Index of the 

20 polymer to decrease, as illustrated by the examples herein- 
below. In actual practice, the preferred catalyst systert 
and catalyst component ratio are selected by .utilitarian 
variables, such as conversion of monomer to polymer, epace-time 
yields of tha polymer, and the quantities of jcatalyats required 
for a unit weight of polymer. It has been found that the activ- 
ity of a coordination catalyst system is closely dependent 

i 

upon the ratio of the components, '.nd for this reason it la 
preferred to select a catalyst component ratio having a 
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maximum utility, and vary tne reacVca temperature to male 
tl* desireole change a in the melt index of the resulting 
polysar. Thua it haa been found that in the catalyat syeteu 
of titanium tetrachloride and lithium aluminum tetradecrl 
nigh rates of polymerization ar« obtained IT the equivalent 
ratio of the titanium compound to the alkylating sgent la 
within the rcnge of 0.4 to Outside thia range the rates 

or polymerization of ethylene under the conditions or thia 
proceaa decreaae rapidly end permit only a limited control 
1C of the degree of polymerisation or result in polymers of 
undesirable melt-flow propertiea, Thua at a catalyat ratio 
or 0.4 the melt riow of thu polymer may be increased from 
CC05 to 1.5 as the reaction temperature is raised from 
150'C. to 230*3.; at a catalyst ratio of 1.4 the oelt flow 
of the polymer aay be increased from 0.008 to 3 as the 
reason temperature is increased from 150'C. to 230*C, The 
preferred ratio of the titr.nium compound to this organoaetallic 
reducinc agent, however, U 0,9<Sj at which leval the melt 
flew of the polymer produced ia increased rrom 0,006 to 
<C 2.5 a a the reaction temperature is raised from 130'C. to 230'C. 
The melt index, barring experimental error, is believed to 
be a logarithmic runction of the reciprocal absolute tem- 
perature and r an be determined by the experimental daw 
«reinbelcw ft.r each desired ratio within the ran^e herein- 
above specified. 

Xs stated hereinabove, the reaction temperature 
ccntrola tho r.elt flow of the polymer resulting from the 
process of th:.a invention. However, to control the molecular 
weight and thereby the melt flow of the polymar, both monomer 
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and polymer must b dissolved. Since ethylene polymers ire 
only sparingly soluble In hydrocarbon solvent* when solid 
but sufficiently soluble when in the melt, it is required 
that the temperature be above the salting point of the 
polymer. Thus a minimum temperature of 150 # C. is necessary 
to assure cccylett melting cf the polymer fomed and prevent 
precipitation of the polymer from th* reactive phase. The 
limits of the present system may be accurately determined 
from a study of a pressure temperature phase diagram of 

10 cfce polymer, monomer and solvent mixture. It is preferred 

to polymerize ethylene to a polymer concentration of 6 to 2<& 
by weight of the solvent. Under such conditions the. polymer 
readily dissolves in a hydrocarbon medium at temperatures 
above the melting point in the presence of ethylene, ^inee 
It is desirable for optimum control of molecular weight or 
melt flow of the polymer to make the polymerization independent 
of the quantity of ethylene employed, conversion of monomer 
to polymer is preferably greater than 10#. The conversion 
of ethylene to linear polymer is dependent on the quantity of 

20 catalyst added per unit quantity of ethylene* Tfcs quantity 
of catalyst is, in turn, dependent upon the activity of the 
catalyst. The pressure of the reaction system is such that 
it will maintain the ethylene added in the liquid (solution) 
phase. Such a pressure is generally above the critical pressure 
of ethylene and preferably in the range of to 200 atmospheres^ 
Th'xs a preferred system would involve an ethylene concentration 
of 12 to 20£ by weight of the medium, having sufficient quan- 
tity of catalyst present to obtain a conversion above 5036, 
which would result in a polymer solution containing <S to 205< 

jo of the polymer. The pressure required for such a sya?em is any 
suitable pressure above approximately 50 atmospheres, .further 
illustrations are found in the examples. 
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As atai hereinabov , the product obtained by 
polymerizing ethylene with a coordination catalyst by the 
process 0* r.e present invents Is a linear pclymer of 
ethylene having improved toughness properties In the molecular 
weight range having the greatest usefulness , as cohered with 
linear polyethylene obtained ty polymerization processes 
employing coordination eatalysts at atmospheric pressures and 
temperatures below 100 "C. This surprising difference la 
toughness as measured ty the Ixod Impact strength Teat 
10 (AST* D-250-55) and the ElffsndorfT Tear Strength (iSW 

at the em weight average molecular weight level was traced 
to the molecular weight distribution of the polymer. Various 
techniques have been developed to estlaate the moleculer weight 
distribution of a polymer. She ratio of weight average molecu~ 
lar weight to iranber average moiecular weight is psrticularly 
useful (G. Herdan, Research, Vol. 3, p. 35-*0 (1950))- The 
fc?eisht average molecular weight is conveniently measured by 
solution viscosity measurements. The weight average molecular 
weight is calculated through the use of the SteudUiger equation 
20 which is calibrated fcr the particular aystem employed by 
measurements of molecular weight through an absolute method 
such as light scattering. (P.J.?lory# ?rincipals of Polymer 
Chemistry . 2„L, JjUvereity Prias 19?3) ^ curler 

average molecular weight is determined by measurements cf m ae 
colligative property such as osiaotic pressure, freezing point 
depression and the lUte. A acre graphic picture of the molecu- 
lar weight distributee may be obtained by carefully fraction- 
ating the whole polyner into narrow fractions determining the 
weight average molecular weight at each fraction {measured by 
30 solution viscosity measurements , calibrated by Independent and 
stsolute methods). If the number average molecular weight of 
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each fraction it then aaeuaed to be eqoal to the weight average 
-oolaiular weight of that fraction, the nunber arsragr aolecular 
weight of the total poljaer nay be calculated, Thua the 
ratio of weight to nuaber average molecular weight can be 
obtained. A alvpler wtbod fo* Measuring dlatribution la 
bj meaaureaent of the eteady atate icapllaaee. 
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wnich is a measurement of Belt elasticity. Hethcda used in 
oeasurlnc tha steady stats compliant are iiecloaed in an 
article by Mocney at al. in tha J. of Appl. Phraica, Vol, 5 
P» 350* (192*0. The application ol this fteeexreasnt to 
■olecular weight dietrifcution is shown in a recent article of 
P. Bueche in the J. of Appl. Phyaica, Vol. 26, p. 738, (1955). 
In applying tha maasurenent of steady ststa ecapliaaee to the 
process of the present invention, tha following result* 
were obtained. 



C&telyet gyrtea 

Totra iacrpropyl 
titauste/iiethyl 
elubl&u* fcronide 



JolyBsrlzatlaa FolTBtxlxatloa 
T ea se * m turn Praaettre 



abore tit 

■alt lag point 
of poljaer 
130-a70°C. 



30 Ate. -200 fcta. 



ritenim tatraehlor* * 

idt/eluaijBun 

triethyl 

Titaaiw t«trachlor- 

*Am j/ almi 'HIT * 

triiaobtr.Tl 

Titaaiue tetrachlor- * ■ 

Ma/lltlUuo elualmn 

tetradecyl 

Titonlue tetrachlsr- b«lov aelt~ aOo«jiheric 
ida/diethyl elualnua lag point of preaeura 
fcrooide polymer 
O-100°C. 

Titanic tetrachior- ■ • 

IdB/alTalaun 

triiwjfcityl 

Titanlue tetrsehlor^ * * 

Ide/alual&uit 

trlothyl 

Titanlw tetTachIor» ■ ■ 

ide/lithiiss elmln'jm 

tatraieeyl 



Halt Steady State 
Index of Caapllsace 
of Paliraer 



Polr-g 

1.3 



0.88 



1.0 



l.oi 



0.6 



1-16 



3.2 



7.3 



7.0 



4 J* 



13.1 



12.0 



26.0 



130 
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As can be seen fron these results, the steady state 
compliance will vary from J to 7 when the critical condition 
ci" the process of the present Invention are o&intaineJ azA 
will rise to a raafe or 12 to 23 whan the polymerization Is 
carried out at conditions other than required by the prccesa 
of the present Inversion, The effect of this difference in 
molecular waight distribution qti the tough=*ss of the poi^r 
is indicated in Figures 1 and 2 of th- appended illustrative 
drawings ittch cover o rcnge of welt indej: valaea in which 
the polyn*r has the greatest usefulness*, lis* m x" in each 
figure presents the average obtained for pol^oera made isrfer 
the conditions of the present invention using coordination 
catalysts disclosed in the above table* Line "B" in eacn 
of the figures represents the average obtained for polj*ers 
made under conditions outside the critical limitations of 
the present process using the catalyat systeas disclosed in 
the table above. The pol^rors resulting in line W A B have 
steady state compliances in the range of 3 to 7- nhereas the 
polywra resulting in line "B* have steady state compliance 
in the range of 12 to 23. In general, these conparisona 
illustrate the difference between the product obtained 07 
the "slurry process" and the product obtained br the "solution 
prosesa" of thin invention. 

The procesa of the present invention is further 
illustrated by tfce following examples: 
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fho equipment u«ad la the eonticsous process 
«f this in/entlen is Imown to thoee skilled in the art 6 f 
continuous polymerias tion and ia' therefore described in 
Central terms onlr for a Matter understanding of the experi- 
aental data, and say be modified without departing from the 
scope of the invention. 

Purified ethyler gas., from which, wstar and carbon 
dioxide haa been removed, is passed into a heat exchanger 
applied with a refrxcersnt sad upon belv; liquefied ia pe«ed 
into a feed puop vhich brines the ethylene up to the desired 
reaction, pressure, the discharge from the *«p is mixed wita 
the mam solvent stream, the somblned stream then flowing 
through h praheater an4 then into the agitated heated re- 
action vessel. The main solvent stream prior to the addition 
of the ethylene is purified b 7 pumping thrown fixed beds cf 
silica gel and lithium, aluminum hydride and combined with a 
stream of solvent containing the titanium tetrachloride 
catalyst in solution. The co-wactsnt for the catalyst 
la directly and separately puaped in solution to the reaction 
vessel, 

The product stream is withdrawn from the reactor 
tnrough a pressure let-down valve into a product separator 
-hare the polymer with cataly 8t residues precipitates frca 
tbe sojutio* and is separated from the solvent and the unrated 
ethylene C as, which ere separately purified and recycled. Thc- 
poly»er obtaired from the separation la then treated with 
asethanr.1 to Twav% tne Ci . sl ,, a . realau „ ^th the berel*- 
-bov* described continuous unit using C7el=hexane as the 
solvent, titanium tetrachloride as the metallic component 
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ol' the catalyst a/stem and lithium aluminum tetradesyl r\u t-is 
alkylating agent at condltione aat forth in the table, the 
following >l«lds of polymer and tnair melt indexes vere ob- 
tained, showing ho* the melt index ia controlled br tamperature 
with a specific catalyst ratio. 



30 



Run Ko . 




1 


2 


I 


1* 


Temp. *C. 




1S2 


191 


19& 


'»22 


Frees, ita, 




200 


200 


200 


200 


Vft. Ratio Cyclofcexane/Rthylene 


7.6 


7.6b 


3. 90 


7.92 


Molar Ratio TiCl^/lO 5 Hole a ^Ht, 


430 


430 


262 


511 


Mo3ar Ratio TiQlt^/LXAUnC^^lh 


O.966 


0.977 


1.11 


O.920 


Convereion in £ of Ethylene 




*5.7. 


53.2 


11.9 


20.0 


¥ield of Polymer in lbs. x 
lbs. of TiCl^ 


iiV 




34.5 


9.9 


11.0 


Melt Index 




0.0* 


0.0& 




1.05 


At various catalyst ratio using the sane 


ey 3 tea 


at 1 oner and 


higher temperatures, the following results were 


obtained. 


At Lo>*er 
Temperatures 




At Higher 
Temperaturtr 


Kun No. 1 


2 


I 




JJ 




Tsnp. B C. 178 


182 


185 




222 


22* 


Press* Atm. 200 


2CO 


200 




200 


200 


Vt. Ratio Cyelo- 3.3 
hexane /Ethylene 


7.6 


7.0 




3.3 


75 


Molar Ratio 201 
TlCl^/lO^ Ethylene 




£85 




637 


511 


Molar Ratio .465 
TlCl 4 /LiAl(nC 10 K 2 i)u 


0.360 1.06 




0.e75 


.920 


Conversion in ft of 

Bthylene 52.3 

Yield of Polymer in 
lbs. x 10-s/ibs of 
TiCl;, V2.1 


29.1 


55.3 
37.7 




19.0 

9.1 


20.0 

11.0 


Melt Index .03 


0.04 


0.05 


1.0 


1.05 
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EXAKiLE II 

Employing the continuous polyaerixatioa syr:©* oe- 
acrlted In tlie precedina example differing ool> in tht ncthod 
of catalyat addition, in that the catalyst sceiponente were 
aUnixsd in a separate solvent stream prior to addition to the 
ethylene in the reactor, the following results were obtained 
using a catalyst system comprising titanium tetrachloride and 
aluninum triicobutyl. . 



Sun Ho. 


1 


2 


I 


Teiap. 'C. 


202 


219 


2ft& 


Preea. at». 




5* 


5* 


Wt. Batlo Cyclohexao* /Ethylene 


11.6 


8.7 


1ft.* 


Mllllaoles of tlCl^ per Liter 
of Cyclohexaue 


2.26 


4.20 




Ratio of TlCXi)Al(laotutrl} 9 


0.795 


1.35 


1,08 


Conversion in JS of Ethylene 


60.9 


ft}. 4 


17.8 


Yield of Polymer In 

Lba. x 10 -3 /Lba. Mole of TiClu 


HIS 




19.ft 


Melt Index 


o.ift 


0.64 


3.1 



The effect of varying the ratio* of the catalyst compo- 
sitions is shown in the table below. 



Rua No. 


1 


2 


3_ 


ft 


Temp. *C. 


310 


211 


2U 


210 


Press. »tm. 


5ft 




5* 


5* 


Wt. Ratio Cyelohexane/Etnylene 


13.0 


10.6 


6.6 


7.6 


Milllnolea of TiCli; per tl«er 
of Cic"ohexanes 


5.7 


6.15 


3.25 


ft. 5 


Ra tio TiCli,/A 1( ia obutyl ) a 


1.72 


1.35 


0.75 


0.ft7S 


Conversion In p of Ethylen 


17. e 


32.9 


60.5 


59.0 


Yield of Polymer in 

Lba. x 10-a/tba. Ml of TiCli, 


12.2. 


25. ft 


153 


115.0 


Melt Index 


19-5 


b.2ft 


0.18 


0.C8 



6 6 0 3 5 9 

- 17 • A.D. 2131 

Aa compared to the previous example, this cetaliat 
ayslctn anowa a wide variation of Adit Index with catalyst 
cngiponent ratio, which 1*. the present instance aa/ be eaplo/eU 
is an auxiliary means to control nolecular weight. 

EXAMPLE HI ' 

Employing the polymerization disclosed In Example II 
the roliowing reeulta wore obtained employing a catalyst coa- 
prising tefcraiaopropyltitanate and diethyl alivlnum brooide. 



Run No. 


1 


2 


I 


k 


Temp. •<:. 


198 


S0O 


222 


262 


Pwae. atm. 


54- 


5* 


54 • 




tft, Razlo Cyclohexane /Ethylene 


24 


12.8 




15.0 


Milllmolee of Ti(0-I-prdp)4 
per Liter of Cyolohexana 




4.0 


5.5 


6.4 


Katlo of Ti(o~i- P rop)li to 
Et 2 Al Dr 




0.J7 


0.31 


0.31 


Conversion in Jl of Ethylene 


27.5 


22.2 


13.2 


26.2 


Y'eld or Polymer In 

LbB. x 10-»/LbB. Mole of TIClft 




" i2.e 


16.4 


12.9 


Melt Index 


0.10 


0.1U 


O.56 


6.7 
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EXUgLE IV 

Eaplcyins tLe polyaerixation oyutea disci o»«4 in 
Exanpl* II thfir following results wsre ot>t*in*4 witu a catdl-jjt 
system comprising dlisopropoxy titiniun die h lor ids and alwlnua 
triiaotjutvl * 



Run Ho. 


1 


2 


I 




Te»p. *C. 


207 


228 


245 




Preaa. ata. 


5* 


7«» 


78 




Ut. Ratio Cyolohexane /Ethylene 


10.2 


7.3 


12.9 




Hillimoles of Tl-(0-i-prep hel- 
per liter of Cyelooexaca 


4.13 


4.3 






Tl(0-i-pTop) t Cl,/Al(i-Butyl), 

ratio 


0.735 


0.775 


0.730 




Convereion in >I of Ethylene 


38 


32.8 


W. 1 




Yield of Poiyser in 

tbe. x 10"»/LbD. Hole of Ti 


44.5 


52.5 


20.5 




Melt Index 


0.067 


0.34 


l.» 




The affect of changing th» catairat oonponent ratio 


la lllustreted in the table below. 










Run ^o., 


1 


2 


I 


4 


Temp. •C. 


226 


210 


220 


222 


Press, aim. 


71 


54 


54 


54 


Vt. Ratio Cyclohexane/Bthylene 


7.8 


14.7 


12.2 


14.3 


Killlmoles of Ti(o-i-prop) 2 Cl a 
per liter of Cyclohexane 


4.3 


5-7 


5-9 


3.0 


TJ.( 0-1 --prop) a Cl a/Al ( -i-tutyl ) a 
Ratio 


0.775 


0.64 


0.5 


O.36 


Conversion in £ of Ethylene 


31.8 


6.S 


31.5 


13.1 


Yield or Polymer in 

Lba, x l<r a /M>8. of Tl (0-i -prop V" 
Cl a 


52.5 


7-9 


12.8 


13.2 


Helt Index 


0.3* 


1.98 


5.3 


14.8 
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The change of nolecular Might as indict tad bv aelt 
index aeaaurenente with do creating fi/Al ratio ia tbt reverse 
of that obtained with catalyst ay stent illustrated in the 
preceding examples; while 1a the preceding examples decreasing 
the ratio eauaed a deereaae in wit Index, and therefore an 
increase in molecular weight M the system employed in this 
example results in polymers having lower molecular weigh cs 
as the Tl/Al ratio is decreased, 

EXAKPLS V 

10 The molecular weight distribution of linear poly- 

ethylene Bade above and below the Belting point of the 
polyaer ("solution polymer" vs. "slurry polymer" } was pre- 
pared and measured by the following procedures. 

Slurry Polymer : Into a glass vessel equipped with 
stirrer , reflux condenser : inlet and outlet means vas 
charged under a blanket of nitrogen 2 liters of cyclohexane 
containing the product formed by admixing 7.5 milliiaolos 
of titaaiua tetrachloride and 2.5 millimoles of lithiuja 
aluminum tetradecyl. The reaction vessel was heated to 

20 and the nitrogen replaced by ethylene at atmospheric 

pressure* The reaction mixture was agitated and maintained 
at that temperature until the ethylene uptake in the reaction 
veasel had become insignificant. The resulting polymer 
was filtered, and washed with methanol. 200 g, of a white 
polymer was obtained* 

Solution Process : Employing the process equipment 
disclosed in Example I, a stream of liquid ethylene ard 
cyclohexane was fed to the reactor at a rate of 3 ,38 lbs, 
per hour snd 22 lbs. per hour respectively. Titanium 
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tetrachloride ui added to the reactor feed at the rate f 

17.4 sill lao ins per hour. In a separate stream, lithium 

aluinum tetradecyl wae fed into the reactor at the rate 

of 22.fr mllljjaole* par hour. The lithium eluninw tetradecyl 

Maa dieaolved in a minimum of cyelehexane. The temperature 

of the reao^or was maintained at 227*C« airf the preaaure at 

2000 lba. per square inch. The conversion la the reactor 

was and polymer was obtained at the rate of 1.C5 lbs. per 

hour. 

Samples of the polyoer made by the solution 
process and the .slurry process Mere dissolved in boiling 
xylene and fractionated, using dlmethylphthalate aa the 
fractionating agent. The weight average molecular weights 
of t^e over-all polymers and the polymer fractions were 
measured by solution viscosity at a temperature of 125"c. ff 
using oc-chloronaphthalene sa the solvent. The molecular 
weights were calculated from the inherent viscosity employing 
appropriate equations for linear polyethylene. The number 
average molecular weight* were calculated from the fractions 
by solution viscosity measurements with the assumption that 
the ratio of weight average to number average remained one 
within tlie individual fractions. The following results 
Mere obtained. 



Welsiat Average Molec- 

Hwber Average Molec- 

«w Weight 15/000 

Ratio of Weight Average 
To number Awrage Hoitcu- 
lar Weight ^ 



S6C369 

^HEJL Solution 



16o,oco 
53,000 



1* ?^tfs aculap Wal8ht 

Keilua Koleaular Weight 
Fraction 



750,000-1,000,00 500,000-700,000 



1QSS 



Weight * ^ 

I-o* Molecular Weig»i 

Fr8ctlon ' -10,000 

Veighc JC 25lJ 



50,000-150,000 50,000-150,000 



375 

>10,000 
12* 



•B* reaulte eho* that the molecular „e is ht dl.tri- 
button obtained by the solution proeeae significantly 
narrows than U pceaible by the alu^ proc , B1| , t 8pproxlaata _ 
IS- the same Height average nolecular Height level. 

The above examples have illustrated that by the 
proceaa cf th, preeent invention the melt flov of linear 
Polyethylene made by uaing a coordination catalyat can be 
accurately controlled through tne reaction temperature Thia 
control ia not obtained if the polymer 8nd 8uf flclent 
l» not maintained in aclution, *hieh ia, from a practical 
standpoint, only feasible at te.per.ture. abova the melting 
Point cf the polymar. The control over the degree of 
Polarization haa been shown not to be l^ted to aneciTic 
catalyst components and their ratio.. Th, logarithm th 
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rate of change has been shown to be the some for each 
catalyst system. The above exat^ilee have further Illus- 
trated that the product obtained by the process of the 
preaent invention varies in structure from linear poly- 
ethylene mad* a" temperatures below the melting point of 
the polymers, l*c, under condition oherc the polymer doe~ 
not remain dieaolved In the solvent, rhis change in 
strueturc causes an improvement in the physical properties 
of the polymer, particularly ir. the toughness of the 
10 polyethylene nude by the process of the present invention. 

The polymerization process according to the present 
invention taken place most satisfactorily when the poly- 
merization mixture Is substantially moisture free and 
also free of c:her sources of hydroxyl groups, uhlch tend 
;o inactivate ^;he catalyst. As in numerous other ethylene 
polymerization processes, the polymerization mixt^e In 
the process of this invention is pr-sf erably kept free of 
oxygen since o:^gen reacts with the catalyst. In practical 
operations > tha oxygen content should preferably be held 
20 oelow 20 parts per million. The preferred reaction media 
in which continuous one-phase polymerizations of ethylene 
as described hsrelnabove carried out are hydrocarbons such 
as benzene, eyolohexane, n-hexane, butane, pentane, heptanes, 
and the like. Certain compounds should be preferably 
avoided as reaction media, for they will form stable 
complexes with tne titanium coordination catalyst which 
will prevent further use of said catalysts in the polymer- 
ization. In ttla category are ketones and eaters. 

Th* pi^oaeos of this Invention is not only useful 
30 in the manufacture of linear ethylene homopolymere but is 
effective also i/i the manufacture of such copolymers as 
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ethylene -propylene, ethylene -butadiene, and other ethylene 
copolymers in which the comonomer 1b a compound containing an 
ethylenic bond. Otner ethylenically unsaturated monomers 
such as propylene, butena-1, end the like are elao 
polymerizable by the process of this Invention and the 
molecular weight of the resulting polymer controllable if 
such monomers are polymerized in a one -phase system. To 
do such, It is only necessary that the monomer and the 
resulting polymer are soluble in the hydrocarbon solvent, 

10 The advantages gained by the process of this 

invention are appzrent from the discussion hereinabove. 
Thus, it Is possible to control the melt flow of linear 
polymers of ethylene accurately. The process of this 
invention is a continuous process, the advantages of which 
are well known ,to those skilled in the art. Furthermore, 
efficient use of the catalyst is made, thus reducing the 
cost and keeping catalyst residues to a minimum in the 
polymer. The polymer is obtained in solution which avoids 
cumbersome expensive and time-consuming removal of the 

20 polymer from the reaction vessel, necessary in many other 
ethylene polymerization techniques* The dissolved polymer 
can be precipitated in a pure form and expensive washing 
techniques are avoided. Other advantages of this process 
lie in the superior properties of the linear ethylene 
polymers, such ss improved stiffness. 

The linear ethylene polymers 
precipitated from the solution obtained br the process of 
this invention are highly valuable in numerous applications, 
especially in the form of films, voided and extruded articles, 

>0 such as pipe, extruded insulation on wire, filaments, imper- 
meable coatings for paper, etc. 
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The embodiments of the Invention in which an 
exclusive property or privilege is claimed are defined 
43 follow*; 

1. The process of polymerizing ethylene to a 
solid polymer having a melt index value within the range 
of 0.005 to 10 and a steady state compliance within the 
range of 3 to 7 which comprises adding ethylene and an 
inert non-polymerizable solvent therefor' into a reaction 
zone . polrmerizlng &±f m ethylene in said! reaction zone 
with a coordination catalyst of titanium,. main taininj; 
said reaction zone at & temperature above the melting 
point temperature of said polymer of ethylene and main- 
taining in *ald reaction zone an excess cf ethylene in 
said solvent and removing a polymer of ethylene having 

a steady state compliance of 3 to 7 and 'a melt index 
within the range of 0.005 to 10, 

2. The process as set forth in claim 1 wherein 
the components of the coordination cataly&t are soluble 
in the inert polymerization solvent. 

3. The process of polymerizing ethylene to a 
solid polymer of melt index within the range of 0.005 to 10 
and a oteady state compliance within the range of 3 to 7 
which comprises adding continuously to .a reaction zone 
ethylene and an inert non-polymer izable solvent, polymerizing 
the ethylene in said reaction zone in the presence of a 
coordination catalyst of titanium, maintaining said reaction 
zone at a temperaturs of at least 150*C. and at a pressure 
aoove the critical pressure of ethylene/ and oaintaimng 

In said reaction zone an excess of ethylene in saia non- 
polymerlzable solvent and continuously recovering a polymer 
of ethylene having a steady state compliance of 3 to 7 and 
a melt index within th^ range of 0.005 to 10. 
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4, The process ac set forth in claim 3 wherein 
the catalyst la formed by admixing titanium tetrachloride 
with a lithium aluminum tatraalkyl. 

5- The process a* set forth in claim 4 wherein 
the mol ratio of the titanium tetrachloride to the llchium 
aluminum alkyl la from 0.4 to 1*4. 

6. The process as set forth in claim 4 wherein 
the lithium aluminum alky 1 is lithium aluminum tetradeoyl* 

7. Tho process aa set forth in claim 3 wherein 
the catalyst la formed by admixing titan: /urn tetrachloride 
with an aluminum trialkyl* 

8. The process aa set forth in claim 7 wherein 
the aluminum trialkyl is aluminum trilsobutyl. 

9. The process set forth In clain 3 wherein 
the catalyst Is formed by admixing tetraisopropyl tltanate 
and diethyl aluminum bromide. 

10. The process aa set forth in claim 3 wherein 
the catalyst is formed by admixing diisopropoxy titanium 
diciiloride and aluminum trilsobutyl* 

1>* The method of -controlling the polymerization 
of ethylene bo as to produce polyethylene of any desired 
melt index within the range of 0.00;> to 10, which ccapri3C3 
introducing continuously into a reaction zone ethylene 
and an inert liquid hydrocarbon, polymerizing the ethylene 
in said reaction zone in the presence of a ^coordination 
catalyst of titanium, maintaining the temperature of the 
reaction mixture at a temperature of at least 1>0*C., and 
maintaining the polymer and excess ethylene in solution, 
varying the temperature from 150*C. to 30G*C. to obtain a 
change in log melt index of 0,025 to 0.050 for every degree 
coange in temperature la the resulting polyiber, and con- 
tinuously removing a solution of raid polymer and excass 
ethylene. 

25 
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12. The method a set forth in claln 11 wherein 
the catalyst la ror«wid by adsixlng a t;lv»ii» tetrachloride 

and aluraissao trilaabutyl. j , 

13. The method of controlling the polymerization 
«f ethylene so as to pre*, to polyethylee* of an? desired melt 
•-itx within the range of C.005 to 3-0 *ttch eqeprisea latro- 
G-jclns continuously Into a reaatlen totie ethylene und*r a 
pntnm above the critical pressure or ethylene, pol7»erialr. tf 
tss ethylene In the aaid rows In the preser.ee ff a easalyct 
for** by admixlnr. t*tanlua tetrachloride with lithium al^inus 
tetraaUcyl In an inert non-poly«erlzable or«anis Mnyiirou* 
reaction medium, the nul ratio of titanium tetrachloride to 
lithium aluminum tetraalkyl being withis the ^ange of 

0A:1 to 1.4*1. the temperature being so chosen that, when 
toe said ratio. la 0.4:1, the temperature id 150 # C. if a wit 
ladex of 0,005 is desired, varying to 230* lfj * r*: : index cC 
1.5 is desired, and when the said ratio is varied ?« 1.1.1, the 
temperature is varied from 150' if a melt iniex rf 0.008 la 
desired, and to 230' if a «elt Index of 3 ls>sired, and 
thereafter aeparatlnR polyethylene of the leered melt isoe= 
from tha resulting product. 

14. The process as set forti in claim 13 wherein 
the non-polywerlzable solvent is cyclcaexane;- 

15. The process as set forth In c*.ala 13 where -n 
the lithium aluminum tetraalkyl is lithlua ipninun tetra- 
dscyl . 

t 

16. The process a* set for* i* eiaHc 13 wherein 
the ethylene pressure is c'oove 150 atBOSpneras. 

IT, A con- inuoua process for ?olp=eris:iag eth?lane 
to a solia polymer with a predetentlr-d xelt Index Hithii! 
the ran^e of 0.005 to 10, which comprises Introducing ar* 
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Itmrt liquid hydrocarbon solvent' and ethylene at: a 

weight ratio of greats than 5 to lj of solvent to etSylane 
into a reaction zone in the presence of a catalyst, sfcid 
catalyst being the reaction product' stained by adaUing 
w titanium halide with an aluxinua >Ucyl in a -olar ratio 
of 0.27 to 1.7 at a temperature of jlSO'C. to 300«C. and a 
pressure above the critical pressure of .ethyleae, oain- 
taining an excess of ethylene in a|ld system, and continuously 
removing a solution of polymer and- excess of ethylene. 
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